Introduction
Export opinion from International Food Policy Research Institute (IFPRI) and International Fund for Agricultural Development (IFAD) regards Genetically Modified (GM) crop varieties as a key to increasing food production in Sub-Saharan Africa (SSA). But can GM produce a Green Revolution (GR) in Africa and if it did, would it be poverty reducing, as in Asia? The distributional impact of biased technological change depends both on the factor-saving (or -using) biases and the factor endowments in the economy. If a labour-saving technology is introduced in a land scarce/labour abundant economy labour incomes will fall and poverty will increase. GM white maize, developed in the USA, is now being used by Zulu smallholders in South Africa. In Asia, importing labour-saving machinery increased unemployment and interviews with the few early adopters in SA suggest that GM can reduce planting labour (per unit of output) by over 50%. But the ultimate impact depends on the change in output as well as the bias, and labour for planting is the constraint in much of SSA. If land is poor but plentiful, planting area and output could double and labour demand for all other tasks increase substantially. Thus, a labour-saving technology need not displace labour: it depends on the factor endowments. Also, high levels of HIV/AIDS now exacerbate labour scarcity in many communities, including KwaZulu Natal. This paper uses panel data for Africa, Asia and Latin America to investigate the effects of factor endowments and biased technological change on productivity growth, labour incomes and poverty reduction. The long-term aim is to discover the countries or regions in SSA where GM would cause output expansion and those where it should be avoided as labour displacement would be the dominant effect. This will facilitate predicting the expected poverty impact of GM maize in SSA.
GM maize in South Africa
In SSA, GM varieties are in commercial use only in South Africa, where both Herbicide Tolerant (HT) and insect resistant Bacillus thuringiensis (Bt) maize and cotton are grown. Bt cotton, which is resistant to bollworm, was released in 1997 and by 2003 was used in over 80% of the area planted. Bt yellow maize (resistant to stem borers) followed in 1998, Bt white maize in 2001 and HT white maize, which is the main food crop of Southern and Eastern Africa, in 2004 . In KwaZulu Natal, both Bt and HT white maize is grown by resource-poor smallholders, under farm conditions that are typical of many countries in SSA, although some South African farm families have off-farm income (such as pensions) and employment opportunities that are lacking north of the Limpopo. Bt maize has the potential to address Africa's disadvantages, with insect resistance displacing dangerous pesticides that are expensive due to distance and poor infrastructure. It is neutral with respect to employment as the reduction in spraying labour is matched by increases in harvest labour, given yields are higher. Bt reduces risk, an important issue in SSA, and in South Africa has been adopted as insurance by commercial farmers. Smallholders are less impressed, as most years are too dry for stem borers to be a problem and yield gains are therefore small. However, its effects are of interest in the rest of South and East Africa where there is significantly more rain.
HT varieties were developed in the US to save weeding labour. This seems unsuitable for much of SSA, but in South Africa the great success is HT combined with minimum tillage, called Planting Without Ploughing (PWP). Rather than deep ploughing, herbicide is used to kill the weeds, reducing preparation and planting labour by over 50%. HT complements PWP, providing a very effective alternative to ploughing by reducing erosion, maintaining the structure of soil and vegetation and minimising runoff, which improves rainwater retention. Together, HT and PWP result in yield increases of approximately 10%.
Stacked gene maize combining Bt and HT traits in a single variety was submitted for regulatory approval in September 2004. This is likely to be the dominant variety for SSA and we need to disentangle the effects of HT, Bt and PWP now, before they are bundled together. Figure 1 shows the labour impact of these four technologies: Bt is neutral, retaining the factor proportions of conventional seed, the GR technology is labour-using and HT is labour-saving. Adoption of HT is proceeding rapidly, which must mean that farmers are convinced they get benefits, but what does the labour-saving bias mean for wages and subsistence labour incomes and poverty reduction, if GM spreads across South and East Africa?
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Poverty and the GR
World poverty
Almost half the world's 6 billion people live on less than $2 per day and 1.2 billion on less than $1 per day. More than 90% of these live in Asia and SSA and between two-thirds and three-quarters live in rural areas. SSA is the only region of the developing world expected to have more poor people in 2015 than in 1990. A 6.2% annual reduction in poverty is needed to halve hunger by 2015. The rural poor in SSA get over 66% of their incomes from farming (25% for Asia) and spend 72% of these incomes on agricultural products (40% in Asia).
Poverty reduction and the GR
Agricultural productivity growth increases the incomes of semi-subsistence farmers and lowers food prices, benefiting both the rural population and the urban poor who spend much of their incomes on food. The poorest farm households are in food deficit, so they gain both from moving closer to self-sufficiency and by cheaper purchased food. Those with little or no land gain disproportionately from employment generated by agricultural growth as real wages rise. This happened in Asia, but the failure of the GR in Africa has resulted in high levels of poverty.
Factor scarcities in Asia and Africa
David Ricardo considered extending both the intensive and extensive margins to increase output. The FAO statistics show that although output growth in SSA is faster than in Asia, per capita output growth is positive in Asia and negative in SSA, due to faster population growth in SSA. Asian growth is almost all from yield increases, whereas growth in SSA is mostly due to area expansion, with little change in yields. This is especially true of maize-based farming systems in South and East Africa. Generalisations are always dangerous, but they can help our understanding, and some simplified perceptions of Asian and African agriculture are in Table 1 .
Induced innovation
Biological/chemical GR technologies use more labour than conventional crops, as more fertiliser means more weeding and more harvest labour. Under Asian conditions, the induced innovation case for land-saving intensification based on high yielding varieties and fertiliser is compelling and it has been highly successful. Similarly, mechanisation was appropriate for the land-abundant US. Yet neither has been effective in SSA (Binswanger, 1986; Pingali et al., 1997; Ruttan and Thirtle, 1989) . Rusting tractors are SSA's memorial to the supposition that the area is simply labour-scarce. In much of SSA, land is not particularly scarce but it is marginal (Hansen, 1979) . Thus, Binswanger (1986) suggested that for land-abundant areas of SSA, technological change had to be labour-saving or it would not be adopted. Labour is scarce at peak periods such as ploughing and planting (exacerbated by HIV/AIDS) and modern inputs are always in short supply, often due to lack of credit. Mosley (2002) argues in favour of the GR as 'a pro-poor policy instrument' in SSA. Empirical evidence alongside the decline in public funding suggests the impact of the GR will remain limited. On the other hand, GM could give 70-80% output growth but it is not clear whether this will be poverty reducing and farmers will be offered US technology, appropriate or not. Historically, technologies developed in high wage economies have increased poverty when they have been imported into developing countries. In the 1970s, each tractor imported by Pakistan put 10 beggars on the streets of Karachi and each combine harvester a further 100.
Institutional innovation and other factors
IFPRI's Pretoria Statement listed new technology and good governance as the two underlying factors in all past successes in Africa agriculture. Our work has shown that Bt cotton collapsed in KwaZulu Natal due to weak institutions, despite being a very effective technology. Factors such as education, health, institutions and governance do matter and must be taken into account. The differences in institutional efficiency, noted in Table 1 , can also be tested, but the World Bank governance measures do not fit agriculture well. The limited success of the GR in SSA indicates an element of political will with respect to agriculture. This too can be tested, with perhaps the best proxy being agriculture's share of government expenditures.
Explaining the impact of the GR on employment, wages and poverty
Lipton (2005) stresses the importance of factor-saving biases. In comparing GM with the GR technologies, he argues the GR was pro-poor because it increased yields (output per unit of land -Q/A) more than labour productivity (output per unit of labour -Q/L). Lipton claims that as the rural labour supply in LDCs is still expected to increase at over 1% per annum, despite HIV/AIDS, Q/A must increase at least 1.5% per annum faster than Q/L for employment and wages to increase, and reduce poverty. In proportional terms, with the changes expressed as time derivatives, this is Demand for Agricultural Labour Supply of Agricultural Labour 
Questions

Shortcomings in current knowledge
Despite substantial work on the GR in SSA, there has been little work on factor endowments and biases since Hayami and Ruttan (1985) . There are no empirical papers on the effects of these biases on wages and labour incomes, or on poverty reduction. For instance, Thirtle et al. (2003) considered only yields and had no wage data. Now there is significantly more and better data that will allow us to tackle the important questions outlined below.
Research questions
1 How different were the rates of agricultural productivity growth in Africa, Asia and Latin America and how different were the factor-saving biases?
2 Do factor proportions play a major role in explaining the rate and biases of technological change, across space and time, during the GR? Do the biases of the GR technologies fit the factor proportions in Asia and Latin America better than in SSA? Are these differences between Asia and Africa important in accounting for Asian success and comparative failure in Africa, or do markets, institutions and infrastructure dominate?
3 Do the biases of the GR technology really explain its impact on wages and non-wage labour incomes in Asia and SSA? How much do lower food output prices account for rises in real wages and poverty reduction?
4 What is the poverty reducing elasticity of GR-driven agricultural output growth across time and space? Is it the same in SSA and Asia?
5 Do the partial productivities of land and labour have different poverty impacts, especially in SSA?
Results
Biases
The work on biases by Hayami and Ruttan (1985) presents pictures of the relative land and labour saving biases over time for many countries, supported by regression results. Figure 4 updates their work for Asia, and is a scatter diagram with the natural logarithm of output per unit of land (value added per hectare) on the vertical axis and the natural logarithm of output per unit of labour (value added per person) on the horizontal axis. There are clear upward trends for all the countries (although the series need not be monotonically increasing) and it is easy to calculate the average slope coefficient. The cross section and time series data needs to be taken into account, so the obvious choices are Swamy's random coefficients (the average of the individual country OLS regressions) or fixed or random effects. The results are similar for all three so the random coefficients results are reported because they give more information. In Table 2 the countries are ranked according to the coefficient on the X variable, which averages 1.7, indicating that there appears to be a land-saving bias. Note that the t statistics show that the relationship is very strong for all the countries and that the average R 2 is almost 0.9. Only Cambodia, with just 11 observations has a relatively low R 2 . Figure 5 shows the same results for Africa, where there is again a clear upward trend for all countries, but perhaps more dispersion. The average slope coefficient is almost exactly unity, which could be called neutral with respect to the factor-saving biases. However, as given in Table 3 , while Uganda has as strong a land-saving bias as Bangladesh, there are 19 countries with a labour-saving bias and three for which the relationship between land and labour productivity is negative. 
Rates of change
The biases shown in the figures are somewhat misleading as this section will show. By simply regressing the logarithm of value added per hectare on time, the growth rate over the period can be estimated and the same can be done for value added per worker. Table 4 indicates that Lao has the highest yield growth rate in Asia, at 3.7% and even Nepal, with the lowest rate has 1.6% pa growth. The Asian average of 2.6% is well above the average for Africa, which is reported in Table 5 as 2.0%, but this is far higher than most would expect, given that African agriculture is regarded as failing. Over half the sample (22 of the 42 countries) had yield growth of over 2% and only 8 had less than 1%. Table 6 shows that labour productivity in Asia grew at an average of 1.5% in Asia, but that five of the twelve countries had less than 1% growth. Note that this means that on average, the bias could be expressed as 2.6/1.5 = 1.7, so there is a land-saving bias, just as Figure 4 suggested. For Africa, Table 7 indicates that labour productivity grew at only 0.4% per annum and although the top few countries are in the same league as Asia, almost half the sample (18 countries) actually have negative growth. This has serious connotations for poverty reduction, as this paper will show that there is a strong negative correlation between labour productivity growth and poverty. The bias calculated as before is 2.0/0.4 = 5, which is hugely in the land productivity direction and very different from the impression given by Figure 5 . This can of course be reconciled by the simple fact that there was substantial regression in labour productivity for Africa, so Figure 5 is misleading. 
Explaining land and labour productivities
Since Q/A (and Q/L) can be simply viewed as the intensive form of the agricultural production function, it should be straightforward to explain labour productivity with the other inputs similarly divided by A (or L). Tables 8 and 9 shows the results for both continents, using random effects to estimate the panels. In both cases, tractors and fertiliser improve yields, but with small elasticities. The big effect is that a country with 1% more land per unit of labour will have about 1% less growth in yields. This suggests that land-saving technologies, like the GR, are most effective in land scarce countries. Thus Africa should be expected to be disadvantaged when the available technologies are yield enhancing. Performing the same test for labour productivity shows that for both continents, tractors and fertiliser increase labour productivity and so did more land per unit of labour in Africa, but not in Asia. For Asia, the countries with more population pressure on the land also had higher growth in labour productivity, which is a little surprising. The next step investigates the relationship between land and labour productivities. Table 10 shows that the dominant force explaining labour productivity seems to be yields. In both continents, a 1% increase in yields gives rather more than 0.5% increase in labour productivity. Note that this result comes from the cross section, not the time series, so we next concentrate on Africa, using random coefficients again. The random coefficients regression shows that on an average almost 80% of the variance in labour productivity is explained by just yields, fertiliser and tractors. The dominant effect though is yields, with an average output elasticity of 0.64, which is only negative or insignificant for five countries. Although tractors contribute in the panel regression, the average elasticity is small and it is negative or insignificant for 22 countries. Fertiliser is not significant in any of the models, which suggests that it is made redundant by the inclusion of yields. The results of country level random coefficient models for Africa, by country, are reported in Table 11 . Table 11 Africa -random coefficients, dependent variable Q/L There should be a close relationship between labour productivity and the wage. Indeed, in the Cobb Douglas production function, the wage or marginal product of labour is equal to the average product of labour multiplied by the output elasticity of labour. This becomes an identity with constant returns to scale since the real wage is:
Thus, it is not surprising that labour productivity is the key variable in explaining agricultural wages, results in Table 12 . For Africa, it has an elasticity of 0.85 and is significant at the highest levels, whereas yields have little impact or significance. The land labour ratio is significant and the negative sign means that the more land abundant countries have lower wages. Again, if wages are important to explaining poverty the semi-arid countries of South and East Africa may be disadvantaged. Note that for both Asia and Latin America, the effect of labour productivity is weaker, which indicates that yields are important, and the land labour ratio has the opposite sign. It is the countries with lower population pressure that have higher wages. Note too that the wage data from the ILO gives only small samples for Asia and Latin America. For Africa there is also data from the World Bank. The next step examines whether agricultural wages and partial productivities explain GDP per capita. We start with this rather than poverty because the intersection of wage and poverty data will further reduce the sample (see Table 13 ). The agricultural wage does increase GDP per capita in all three regions, but more so where the average GDP per capita is lowest. Labour productivity has the same effect, but is weakest in Africa, which is odd, as Africa has a higher proportion of semi-subsistence farmers and a lower level of hired labour. Yields have most impact in Asia, less in Africa and none in Latin America. Tractors per labourer increase GDP per capita in Africa and Latin America, but not in Asia. Fertiliser per hectare works in Latin America, where yields did not. Note that high percentages of the variance were explained. Poverty can be explained, with results in Table 14 , but note the small size of the samples. For Africa, this falls to 43 observations and for Asia the sample is not viable.
For Africa, Latin America and the full sample, the wage reduces poverty, but its effect is less strong than that of labour productivity. Yields increase poverty in Latin America, but have a negative effect in the full sample. Greater rural population density is poverty reducing in Africa, which again suggests that the semi-arid countries may have a problem. It is not really possible to test Lipton's proposition of Equation (1) because it requires growth rates, which are hard to calculate with these incomplete series. If we apply the combination of cross section and time series to the variables Lipton suggests, we get the results reported in Table 15 . Labour productivity seems to dominate yields in explaining poverty reduction and more land per labourer does not reduce poverty. In fact, the countries with more population pressure seem to do better. Thus, for SSA, it may not be yields growth faster than labour productivity that is required for poverty reduction, but simply adequate labour productivity growth, that is combined with maintaining employment levels. Clearly, this requires output expansion, which is quite possible in the regions where marginal land is abundant and these are the very areas where the GR technologies failed due to poor soil and lack of water management. 
Conclusion
This paper shows that yield growth in Asia averaged 2.6% per annum, but that Africa was not far behind at 2.0%. However, labour productivity in Asia grew at 1.5% per annum, whereas Africa managed only 0.4%. Lipton's observation that the GR reduced poverty in Asia because yields grew faster than labour productivity, so increasing employment, wages and labour incomes does not seem to hold for Africa. Yields in Asia grew at 1.1% faster than labour productivity and there was substantial progress in poverty alleviation. In Africa, yields grew 1.6% faster than labour productivity, but the impact on poverty has been less. This study finds that yield growth is in fact a main cause of labour productivity growth in both continents, but in Africa the impact is far weaker. Labour productivity growth in Asia has been 58% of yield growth, whereas in Africa it is only 20%. The most obvious cause is that both yields and labour productivity grow less where land/labour ratios are low. It is particularly in the countries of SSA with abundant marginal land that labour productivity growth has failed and this paper finds this to be the main force driving increasing wages, increasing GDP per capita and poverty reduction. Thus, the countries like South Africa and Zimbabwe, where the GR technologies fared least well due to poor soil and lack of water control, are among the countries with the greatest increases in poverty, as given in Table 16 . For 9 of the 24 countries on which we have data, $1 per day poverty is increasing and the simple average rate is a 3.4% per annum increase in poverty. This work is very much in progress, but the results to date have done little to disabuse us of the notion that it is labour productivity growth that reduces poverty. It may well be that in the heavily populated countries of Asia, yield growth was necessary to give growth in labour productivity and employment, but this may not be the case in the less heavily populated regions of Africa, where marginal land is abundant. A technology like HT white maize combined with minimum tillage may be poverty reducing, or it may increase poverty. This will depend on whether the technology is sufficiently output-increasing for employment to be maintained when labour productivity is enhanced.
